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mi»t kn m-- w fryt cp tm stiiiw fF nr^xm 

Aisthort tUlijiie P. Ti4;!h0, XdiMt%*Matt| Cicctt SusrA 

SvS5«iti«j lo Ihf "^©^arfewal <Jf Sfeirftl hMftXtmkisen mA 
^agijfmrim ^ ^ ^ purHal 

for llko d»(piM dT HmCL Wetgim^t* 

t T ^ 

Th» pri»drgr ptc-iJCMiit of *!A# i3m*i4«Rtloa ws» ^ Ati^aaaii&m ^ 

«f iht iaif^jCL portlcai d? the cerve freiti^c wighfe 
laim v arett f tlte ismebdr of o^^X'^e nm* BerrloiMi traHc |jt the flAld 
hae- rfioun o*.arte to ts# cojhs«wi daraesmt or-r the iUsitlal 
porldcR. XI h^-M %oon -propoMKl tpggm is eetviXly c<»)oav« 

a^pMird <mt %*dm ^crti<m« dee to the fact ihi^ Die a^braadve ootion 
ie pree^anbX^ aoere tlole^ than the ohsariog actiiet* The 
pmitAL%Uii0 oii:;eh t2ao teat# were condie^tted^ «tm» ohoeesi e«eli 
thai It eiui ei^ioi^ted that ilse epeeiJKa l4»ee iretild be 

relatlTslT' er^r a iltart ijiterea.1 of tlee. the t«et« of el3d 

steel wpmiamm fretted 0 (^«daet atUd eteeX e^'lamir wsre oowlucied. 
landwp thiee oeK-t^tiaiMf, verTiinf the d^inetleit «f tost jCTeii X te XO^OGO 
e:^3ee« 

The reiroltei af ihie Xerestigaiiiim ehceed that tlMi otsnpe In 
ejaestioii had a peiat of IniXeetlaR, in the. pesetlm \»3»r 

Inffeetig&tiiett. at Ute eriiplii^ the curve ites e^a^eee doyasterd 
faXUeted h3r a imrtt to eaeem upeord* this r^mlt mA mUj ed>- 
etactlated tlie ialtlaX prc^sooiLl >mt alee aditid ilKeNB eddltd^naX 
informtlee vfiieh veui m% anticipated. 

ft Sjs rmmsemdmL that thee* teots be rs'peated i» Arf air ee 
mVL ae other ataeoepheree to eotihllalt defixite ttasntltatire rervdta. 
It ia alee reesamnded that the f!reqt»oe?' of aXt^ry^tl^ai be lowed 
to »M mmil a ws,Xm at pos^hle iii order to the apedaen 

v*d^ht loee in a glvim intsmX of tiae. 

The second p&epom of the inrer^t^atioo ms to e^tahXiidi a 
T^latieetdhlp botvssefa ^peeiMii might lots mi »am pr^vS^sX 
mmvccmmsk «f imttiag daia^. ?o area of demge 

ae mil as its depth me maeored and plotted 
eeigM loss* 

The rtrslt of ihti ®srl«s of InmetlgatdKfiase thawed t tai asgr 
attMpt "mm the area of as a aibctlt^dui far mi^ lose 

Is iji^aetlesl. It ap^^ars to be «toite pomlMa te ase the depth 
of daaege as a .ip^'isre of fTettini damge. fhe red^tloashlp ebtedned 
betmao Bf/scissm m%ht loss asd the depth «f frettis:^ dmage can 
be ooRsldtrwl fmlitatim enf^ due to a laek of -ifficlent data. 

The depth pt homwjr definitely Sncr asoe ae the m%ht 

lose iaoraso^’S. ft ia rect»5©jsled that addiiioml teats be aade 
to f ir%!y eat^liife 'the quantltatim ralotiicaishlp bctwiea speeiaeDa 
might lose sad the %ptfe of fretting diawige. 
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I INTRQDOCTION 



Fretting is a type of danago that occui'S at the interface 
of two loaded surfaces that are in contact and subject to relative 
slip. Fretting often appears on surfaces intended to have no 
relative laotion but which aro associated with vibrating machinery. 

It nay occur, for example, on the mting surfaces of a bearing race 
and of a shaft tightly fitted together* It has been ^own that 
some slipipago, no natter how eaall, is necessary to cause fretting. 

In the absence of slip there is no fi^tting (3, 8). 

Fretting damage is a conbin\ial soiarce of uncertainty in the 
operation of all machinery subject to vibratiem, as it quicldy 
destroys close tolerences and increases the suscejrtibility to 
fatigue (k ) . Ssas^les of fretting damage ai’e often found in 
variable-pitch propellers, connecting rods, IcnucIcLc pins, ball 
and roller bearii^s, clomped and bolted flanges, pins in gear trains, 
sui^nsion springs, electrical contacts, and splined surfaces. 

This type of damage is particularly serious in the airplane and 
automotive industries tdiero close fits are cnoloyed on equipment 
subject to vibration* In order to eliminate or mitigate the damage 
caused by fretting, a better understanding of the subject is essential. 
The piurpooG of the present investigation is to add to the under- 
standing of tho subject of fretting and the means of investigating 
fretting damage* 
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^TttAT W •# u/ IZ WnriB^mOWl ^ ^ 

i^'iiilonaal |o !■■£:« Ol# C^ V *■! , > »■ out k> iri»fr^9% 



i 



The Majority of the irork done to date in the field of fretting 
has dealt -with tho B»chanisia of fretting and soeo of its qualitati-vo 
aspects. Fexig (2, 9> 10) has anal 3 ^ed the basic factors of octal 
transfer aiad trsar. Ths nechanisa of wear, as proposed by Feng, is 
caused by a pair of actually contacting high spots. 'When these 
contacting high spots support a norraal load tliat is largo enough 
to causa plastic defcfi*nation of tho EBtal, the doforaation ■will 
cause a roughening of the interface. This roughening of tho 
interface produces a mschanical interlocking which strengthens 
the in'berfaca In resisting a tangential force, Tlius the application 
of a tangential force irill cause the peak of on© of •the j»ir of 
high spots to shear off ins'tead of separating the contacting 
high spots at the original interface. This sdienred peak raay 
either becoao a loose "wear particle or remin attaclied, depending 
upon ths factors oporatir^ to cause it to adl-jero to the adjacent 
high spot, Feng and Righ'tmire (l) have applied this "theory to 
explain ths nechanicB of fretting, and ha’ve shown nechanical 
wear to be •the priaory catise of fretting daaage* 

The •near particles formed by the Scaring off of the peaks 
of tho contacting high spots form hard oxides which cause abrasi-ve 
wear. A murber of in-rostigations (l, 3, 8, 10) ha-ve been sad© in 
different atsosjberes to dotermino "ths effect of oxides on fretting 
damage. These in^vestigations have diown that oxidation, •while 
ha"vii^ a very BEirked effect, is only a seconiary cause of fretting. 
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In addition to the investigations of the of foot of atiaosT^ores, 
investigations have been aade of sojne of tho other factors affecting 
fretting daaage. Tests conducted by Fei^ and Uhlig (8) have shown 
that a decroaso in fi*etting daraage is caused by an increase in 
relativo hvaiLdlty, tesaperature and frequency of altemationi and 
an inesreaso in fretting daaage is caused by an increase in the 
nxurtoor of cycles run, relativo slip and noraal load. Parts of 
these tests have also been corroborated by previous investigators (1,3) 
In addition, fretting daieage appears to be greater, other things 
being equal, tho better the original fit of the oating surfaces (6). 

Several investigations have been made of fretting daxaage using 
various metals and noraaatals fretted against theiaselves and against 
each other. Godfrey (?) used platinum, glass, quarts, ruby, mica, 
and chrons-alloy steel. Be found that the tendency for fretting 
depended upon the surface hajrdness of the motal tested. He also 
found that the introduction of a lubricant between the stirfaces 
of the materials decreased the amount of fretting damage done in 
all cases, but that it was not eliminated. This latter fact was 
also borm out in the investigations of Tomlinson, Thorpe and Gough (3) 

References (l) and (8) both present the results of mild steel 
specimens fretted against mild steel opocimons in dry air. These 
results are presented in the form of cuxrves of Specimen Weight Loss 
versus IJocfcor of Cycles Run. Both of these curves are concave 
downward at tho origin, i.e,, during the diifting period from shearing 
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action to eibrasivn TOar. Feng and Rightalre (l) hare proposed that 
this curve ic actually concave upward during the shifting period. 

This proposal is based on the fact that the rate of wear probably 
increases during tbj shifting period as the abrasive action is 
presuaably lacre violent than the shearing action. This proposal 
seems to be supported by the i>oints plotted in Figures 5 and 6 of 
the investigation by Wright (11) . One of the ptirposes of the present 
investigation is to s-idistantiate this proposal by decreasing the 
nuiSier of cycles run and increasing the amount of fretting that 
occurs by decroaslng the frequency of alternation. This will tend 
to expand the initial portion of the curve . The test apparatus shewn 
in Figures I, II, and III and deasribed in Appendix A was used for 
the investigation, 

Using treight loss as a neasuro of fretting daasaga is not 
always the best moans, even though it can be noasured quantitatively 
and relatively accurately. An excellant ©xaisplo is the case in which 
two clean surfaces are fretted against each other in a vacuua. 

Because of Ibo adhesion between clean lastalllc surfaces in a vacuum, 
the peak shoared fro® one high spot sticks to the opponent high spot 
and boootaes a piece of transferred mtal. Thus very little loose 
wear material can bo produced, nstal laerely beii^ transferred back 
end foidjh from one s^ciaen to another. If the sp3cinE3ns are made 
of tho sano laatcrial, the weight loss of each is practically nil. 
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IfevertholesB, both speciiaens arc subject to serious damage caused 

fl3 

by notal transfer, A second purpose of this investigation is 
to try and establish a technique for naaeuring the damage in such 
cases by correlating ueight loss and sorae physical measiare of 
fretting damge. An attempt idll be made to find some relationship 
betwson specicKn neight loss and either the depth or the area of 
danage or both. 
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Peng, I. lang, and Rightnire, B.G., "The Jiischaniss of Fretting”, 
lubrication Sigiaeering, Vol. 9, No. 3 , 19 ^ 3 , p. 23 $* 
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schematic of test machine 



riGURS II 

Top view of test apparatus 
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FIGURE III 

Side Tiow of test apparatus 







FIGURE 17 

Standard test specimen 
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II PROC^DiPJE 



•n^t spocinens to be tested nore prepared as outlined in 
Appendix jaounted in the test saachine and the toete made* 

All of the teste were laad® under a standard set of test conditions 
in an atmosphere of dry air at room teiaperaturo. The etandard 
normal loading ms 53 CX 3 psi. The relative slip was a^tainoi 
at 0.0036 inch, and the frequency of alteinaation was kept 
constant at 19 cycles per minute. 

Several tests were first made to determine an appropriate 
number of cyoles at which the firetting damage was such that it 
was fairly ea^ to identify individual pits. Two runs mre th^i 
OBdej one for five cycles duration and one for ten cycles duration. 

A nuaiber of individual pits were selected fron each specimen and a 
EKsasurement Ende of each pit area and its depth* This procedure 
was followed in order to find a relaticmship between pit area and 
depth indicating pit growth. It was anticipated that this might 
lead to a relationship that could be corrolated with epeciasn weight 
loss. 

Several tests were then mdo varying the duration of test 
fnom 10 to 300 cycles. Th® specimens were piclcLed once and weighed 
upon the completion of each test. The recorded srxsclmcn weight loss 
was an average of the weight losses for the four j^ciiacns tested. 

A representative spscirnen freun each of six tests was selected, and 
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& oBaoureiacnt tsus made of the total aroa of fretting damage 
and the greatest depth of damage. The purpose of this series of 
tests was to find the shape of the ciirvo of specimen weight loss 
versus the number of cyoles run. In addition to this, the tests 
wore an atton^jt to find a relationship between total aroa and 
depth of damage and to correlate this with specimen weight loss. 

A series of tests was made varying the duration of test from 
1 to 10,000 cycles. Tlie specirasns wore cleaned and weighed after 
test, then pickled and reweighed. This was followed a second 
piclcLing and reweighing. One or two spooiasns from each test were 
selected and a noasuremont made of the deepest depth of fretting 
damge. The pm’pose of this aeries of tests was three fold. First 
it was an atteant to determine the fretting weight loss curve. 
Secondly it was felt that this procedure would load to a relation- 
ship between specimen weight loss and depth of damage. Thirdly it 
was an attempt to determine -sriiat effect a first and second pickling 
procedure would have upon specimen weight loss. 
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Ill R’^SULTS 



The results of tho invostigation are presented in Tables I, II, 
and m, and in figures V, VI, VII, and VIII, Significant points 
to be noted ore as follows: 

1, Initially the area of an individual pit incr-ases faster 
than the depth, Tte depth thon begins to increase faster 
than the area, followed by the area again increasing faster 
tlian tho depth, 

2, initially tho rate of speciiasn weif^t lose is high and 
soon reaches a steady state. Shortly after this steady 
state is reached, the rate of weight loss again increases 
mrSssdly and settles at a new steady state value, 

3» The speciiaen weight loss due to both first and second 
pickling is not a constant, but is a ftmetion of the 
amount of damage caused by frottir^g, 

U, The total area of fretting daaaage is essentially a constant 
over the range from 30 to 300 cycles, 

5, The speciasn weight loss increases with on increase in the 
depth of fretting damage. 
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TABIS I 



IieHIDL’AL PIT MTA 



Konsal Load - 5300 pni liKliua - dry air 

SUp - 0.0036 in. 



Pit 


Duration of 
Test(cycl©s) 


Freqiienoy of 
Test (cpa) 


Pit Area 


Pit Depth 
( X 10*^ in) 


1 


5 


79 


18.05 


0.762 


2 


5 


79 


U9.20 


I.I 76 


3 


5 


79 


38JiO 


1.738 


h 


5 


79 


U5.10 


2 . 500 


5 


5 


79 


62.60 


3.167 


6 


5 


79 


13li.80 


U.0U3 


7 


5 


79 


133.10 


6.310 


8 


10 


57 


70.10 


1.953 


9 


10 


57 


70.85 


1.953 


10 


10 


57 


39.60 


2.310 


11 


10 


57 


38*20 


2.500 


12 


10 


57 


Ul*60 


2.500 


13 


10 


57 


79.20 


2.500 


Hi 


10 


57 


38.20 


2.928 


15 


10 


57 


75.00 


3.309 


16 


10 


57 


176,20 


3. 500 


17 


10 


57 


U2i.50 


3.809 


18 


10 


57 


159,7 


3.977 
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500 0 1.67^ 1,925 U.2U 

1000 0.2 1.725 2.000 3,10 

3000 0,3 1.925 2.675 5.95 

50OO 0.5 2Jt50 3.200 5.50 

10,000 1,1 3,500 U.lOO 7.08 
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IV' DISCUSSION 0? RCS'JLTG 



Dm-iiig tho investigation of pit growth, it vvao found 
that individual pits could be easily identified in the neighborhood 
of ton C 3 *'cloo. In atterapting to lasasuro the ai'ca of the individual 
pits, hoiTOVor, it was found that a random surface polish with No» 1 
emery paper was not satisfactory. VIhen a pit vias photographed 
under the microscope, the scratches left in the surface by this 
polish wei’e so large and random that the boundary of tho pit could 
not be determined with any degree of accxiracy, 'ilnen the surface i?as 
given a unidirectional polish with IIo.^OO or No. 0000 emery paper, 
the scratches left in tlie surface were considerably smaller. Since 
these scratches vovo unidirectional, the boundary of any pit running 
slightly off the direction of polish could bo accurately determined. 

It -was found that any attempt to use individual pit areas 
or depths as a substitute for vroight loss ‘tTas impractical. This 
is due mainly to the fact that in order to distinguish a pit as a 
single pit, liio pit mast bo so small that the area and depth of all 
pits so selected fall in the same rai^o of values* 

That the above is true my be seen from an analysis of Figure V, 
When two clean surfaces begin to fret, the sheared off high spots 
begin to fora an area of damage with essentially no depth. Thus we 
see that in Figure V tho area increases faster than the depth. The 
depth then begins to increase faster than tlie area. It is suspected 
that tliis is due to the abrasive action of the loose wear particles. 
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limited by tho samll amplitude of the relative motion of the 
specljrene* The pit Trill eventually reach a sizo such that it ttLII 
join i?ith the adjacent pit forming a new pit of increased area but 
with a depth essentially tho came as that of the old pit. Th'us the 
area of trliat is still a single pit, begins to increase faster than 
the depth. This process continues, tho pits increasing in size, 
until very shortly a single band of damage is formed on the specimen. 

It is for this reason that ” individual" pit areas imd depths begin 
to fall in the same range of Tallies, It is further felt that the 
process just described •Hill cause the curve of Figure V to continue 
to increase in a stepvd.se fasloion until such time as the area of 
damage becomes such that it Tjill remain essentially constant, and 
the depth of damage 'vrlll continue to increaso. This theory appears 
to be borne out by the data on the total area of damage given in 
Table II. The areas over the range from 30 to 300 cycles appear to 
be essentially constant -which would indicate that this particular 
range is error a flat step in the curve. 

In Figijre VI, the cur've of specimen Tasight loss after test 
and before pickling serves no real purpose. Above about BOO cycles ■fcho 
values are inaccurate due to the fact that a certain amount of the 
debris remains on tho specimen and some falls off. In either case, 
the amount is rmlcnovm and thus the value recorded is not a true 
Ejeasure of specimen weight loss. This portion of tho curve can 
serve only to indicate that specimen weight loss increases with the 
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nunber of cycles run. Below about $00 cycles^ the recorded weight 
loss was zero, but it is felt that this is not actually the case • 

It is felt that if tlic weight loss could be KEjacurod fine enough, 
the initial portion of this cunre would havo a shape cimilar to 
that of the curves after pickling. 

It nay readily be seen from an examination of the curves 
of weight loss after first and second pickli n g, that the weight 
loss due to pickling is not a constant. It is thought that this 
is caused hy two factors. Firjrfc, the plastically deformed laatcrial 
is attacked laore roadily than the saterial that has not been 
plastically deferjasd. Secondly, the first pickling does not roaove 
either all the plastically defomed material oar all the debris. 

This is substantiated by the findings of Feng and Bhlig (8). 

Tlieir investigations shaved that the loss of weight fear clean, 
untested specinans was about 0.3 ailligrans per specimn. An 
investigation should be made to determine a a-'ans of finding the 
true weight loss of the specinsans. 

The curves of Figure VII are enlargonsnts of the initial 
portions of the curves of Figure VI, An analysis of their daape 
not only substantiates the initial proposal of this investigation, 
but also the basic Esachanissa of fretting. The early portion of those 
curves resaafisles ordinary wear cuives. The shearing off of the con- 
tacting high spots produces loose wear particles which do not oxidize 
iEKiediately, Thsse loose wear particles reaain relatively soft and 
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the abrasiTe action caused by them is not too great* original 

loading is rather poor, being (distributed over a relatively sanll 
nuntoor of contacting high spots, A better distribution of loading 
takes place through tbs 'wear proesv^s itself. Those two factors 
corabine to cause a leveling off of the rate of wear, and a tendency 
to arrive at a steady state value. 

The loose vear particles tend to be trapped in the hollows 
of the smll-scale vraviness of tlia surface, due to tlie ssaall aai^litude 
of relative nfotlon. These loose wear particles new begin to oxidlz©, 
forming the hard oxide FogOj, The accuiaulaticai of cQdLde particles 
quickly fills the space among the high spots. An entire group of 
high spots thus unites into a single area, Tlicse tsiitod areas will 
develop into large pits as the process continues. The rate of weight 
loss thus increases sliarply during this period, as the abrasivo action 
Is very effective when the layer of oxide particles is thin. The 
ahrasivs action itself will terd to thicken the liyor of oxides and 
thus the rate of weight Ijdss will begin to decrease as tiao increases. 

The codLde particles eventually escape into the depressed regions 
associated with the Itn’go—scale waviness of the curface. This eventually 
leads to a ttiickcniAg of the layer of cecido particles over the entire 
area. As Uie cxide layer becosrbs thickem* and thicter, further increase 
in the thickness lias loss effect on decreasing tlm abrasive action and 
the rate of weight loos thus tends to reach a steady state. 
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The foregoing analysis was roughly substantiated by optical 
obscrrations. Aftor a run of 50O cycles duration, tho reddish 
aside could just be seen with ihe naked eye and -VTas quite visible 
undor tho siicrascope. 3h the vicinity of 200 cycles, sothb reddish 
asides ww© just visible under the microscope* SsaaLnation of the 
spedaenB rm for about $0 cycles showed no trace of ood-des. 

These observations tend to cteck the analysis of the shape of tho 
curve* 

It is felt that the results presented in Figures VI and VH 
should only be treated in a qualitative way. The data presented 
is rather limited in amount and soniBwhat random in nattsre to be 
considered quantitatively. This data stould be substantiated by 
further expoz’lmonts. If the ptresent test machine were altered to 
jn*oduce frequencies in the neighborhood of ton cyclos per minute, 
it shotild be possible to obtain a much better quantitative restilt* 

It wotild also be bemflcial if a finer balance were used for 
measuring the specimen weight loss* Additional testa should also 
be mde in tho range a little above 10, (XX) cycles, and the entire 
range repeated in different atBrnsj^Teres* 

Figure VIII presents a curve of epeciracn TOight loss versus 
tho depth of damage. The data for this curve is inadequate to deter- 
nin® any exact relation^ip between weight loss and depth of damage. 
The curve docs indicate, hemever, that the depth of damge ehould be 
able to be used as a substitute for weight loss in the lasasui’emcnt 
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of fretting damge. Frcaa this data and tho precocLii\g discussion 
of area EJsasuresEnts, it is felt that any attempt to use area as 
a Measure of ii’etting damge is inpractical. It is roconnended 
that investigations be cond’ucted over a id.d« range of cycles and 
in different at3nosph.3rosj and the relationship between speciaen 
ireight loss and the depth of fi'otting damage be firmly established. 
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Tlic cignificant conclusions draifn from this investigation 
are as folloiifB: 

1. A unidirectional surface polish ’sith Ko.oOO oacry paper 
is satisfactoiry for nnasuring the area and depths of in- 
dividual pits, 

2. A ujiidlrcotional surface polish T»lth So. 00 emery paper 
is satisfactory for aeacur^ing the depth of fretting 
daaege. 

3. The lise of any area measureHcnts of the depth of iiKiividual 
pits as a substxtuto for uoight lose is irpractical. 

U. The s-5ecii33n -aBight loss duo to pickling is not a constant 
but is a function of the amount of fretting daj3a»je. 

The curve of £pecii»5n iwsight loss versus the number of 
cycles run is initially concave dcncnmrd. The curve then 
becomes concave upward followed by a doimv/ard curvature 
leading to a steady rate of •weight loos. 

6. The depth of fretting daa«ge nay b® ■used as a siibstitute 
fer ■weight loss in raeasuring fretting damage. 
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The foUcwir^ reconaendations for fut'uro work are md«: 

1. An investigation should be aade to deteraino a SEthod fcr 
finding tho true weight loss of the ^ciaens, 

2. Additional tests should bo mde in dry air plus other ataospheres, 
to substantiate quantitatively the ohapo of the curve of fretting 
weight loss, 

3. Tests should be run at a frequency in tho neighborhood of J. to 
10 cycles per niiaute to quantitatively detGrxdno the very early 
portion of the curve of fretting weight loss* 

U. Investigations should be condiKsted over a wide range of cycles 
and in different atnospheres to deterHins the quantitative 
relationship between the depth of flatting daoage and specinen 
WDlght loss. 
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DESCRIPTIQH eg AP?AP>..TUS 

TI» firetting tost machine used for this investigation is 
shoim in Figures I, II, and III, The mchlne ms designed by 
H, H. Uhlig, W, D. Tiemoy, and A. IfcCleUen and is described in 
detail in Reference (3)* 

The raacliine Tfas designed to produce fretting dajjaage by 
oscillatory motion of tiro pairs of test specimens hold in place 
by two moving and two stationary chucks. The chucks allow the 
tangs of the specimens to jWLt into a clearance clot. Opposing pairs 
of set screws in the clearance slot of each chuck, acting against 
thin shims, clcusp the' tang perpendicular to the axis of the specimen. 
The shoulder of each specimen is seated against sheet ryion cemented 
to the chuck to avoid fretting at this area. The two laoving chucks 
are shrunk on square milled sections at opposite ends of a square 
shaft. This shrink fit provides a positive joint and minimizes 
fretting in this area of the machine. The square rocker-arm shafts 
which carries the moving chuck, is pinned find bolted to o'ight loaf 
springs. These loaf springs form two co*^axial crosses, wiiich esre 
bolted and pinned at their extremities to a sqtiare cage. The l-af 
springs thus provide a bearing which will allow small torsional os- 
cillations but which is extremsly stiff with a^spcct to any lateral 
notiwi. 
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An I-bciOia Qf aluEdnium is shinirsk on the rocker ara 
at its midpoint, end is the BBmber through which tlio laotion is ajwlled 
ts the shaft. One end of ths rocker ana goes to a cam drivs aad 
the other end to a coil spring used to keep the roclaer arm in con- 
tact with th© cam, A variable eccentric in which rotation of the 
sleeve relative to the shaft changes the eccentricity is ussd to 
vary ths ajaoxmt of relative motion between the specimen pairs. The 
drive shaft is coxmectod to a three-phase, one horsepcr.Ter motor, 
operating at 1900 rpm, by a system of V-belt pulleys which allows 
tests to bo conducted at a nuiifl^er of different frequencies. 

The nornal load between the fixed and moving specisDns is 
applied by pnouraatic pistons actuated by high pressure nitrogen. 

The pistons have hardened sijherical ends which bear on hardened 
plates pinned to the back of end-bell diaptirams in order to transrait 
the load through the fixed chuck and fixed cpecioGn to the test 
surface • 

To conduct tests in other than laboratory air, two split 
rectangular cells are provided. Each cell is clar^:>ed over a isuted 
pair of specimens and the desired environnKint is then introduced to 
the cell. A glass window bolted and cemented to tho top of tho cell 
allows observation of the specimens during test, 

Tluj standard test specimen (shown in Figure 17) is cut from 
SAS 1090 cold-finished steel. Tho specimen is ono inch in diameter 
and one Inch long. One end of the specimen is counterbored 7/3 inch 
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in diaiaster by 1/16 inch deep, fonaing and omiilar test surface of 
0.18U square inch at a man radius of O.U38 Inch, fhe opposite end 
of the speoiaen is cut sway to form a centered square tang ^/16 inch 
long. 3n test, tlie spoclnens are pressed together vrith the annular 
surfaces in contact, A jig is used to align the npeciaens con- 
centrically Ydth each other and with respect to the shaft of the 
moving chunks. 
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APPE?3)IX B 
D^\ILS OF PROC^,DU E 
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D7TJ^.ILS CF P-iOCXDU^ 



All of the tests vfere run uraJcr a s'oandard set of test 
conditions, varying cnly the nunfcer of cycles that tho tests ■wero 
run. The t3st cca^iitions were selected after a stucfy of refeirenco (8), 
and Here so chosen that a substantial arsount of daaage Hould bo causod 
in a fairly short intcarval of tine. Tho standard conditions selected 
■sere, a nornal loading of ^300 psi, a relative slip of 0.0036 inch 
and a frequency of al tor nation of 79 cycles peijainute. The atno sphere 
chosen iras dry air at room teoperature. 

Having selected the tost conditions, several tests were first 
made to deteriaino an approodLiaate nrafoer of cycles at which the fretting 
dUmage was significant yst such that it was possible to identify 
individual dasage pits. The surface of spocioejis for these testa was 
given a randcaa polish with Mo, 1 eeory paper, 

A test was then run for 10,5 cycles using specinons having a 
randoffl surface polish with No. 1 emory paper. Prior to final polishing, 
tho surfaces of all the speciwjns were given three diiaacHid indentations 
spaced appro£slnnte!!y 120 degrees apart. Those dianond indentaticais 
were taade using a Vickers Hardness Test mchino and a dianond indontor 
having a na;}cr axis ratio of 35 to 1 and a tsdnor axis ratio of 6 to 1. 
The loading used on the Viclcers aachine was 20 kHograns. Upon 
co3i?)letlon of the test, several indix'ldisal pits vero selected at raoioa 
ft*oa one spooinsn and photographs taken of thorn izsing a magnification 
of 12QK. A photograph of one of the diamond irKlentations was also 
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taken using tho sars aagnificatlon* Tho spn ciraon nns carefioUy 
dressed down hy ucing No. 000 and Mo. (WOO eracry pap<?r, until 

each pit under o' sorvation Just disappeared. Ac each pit disappoared, 
a jdiotc^apk was a^ain taken of tho stuae diantand indentation. Tlie area 
of each pit was masurod Srosa the jdiotograph using a ploniaoter. The 
depth of oach pit was dotersined by tho difforonce in tho successive 
indentation photographs using tho trigonoEJctric relationships for a 
right triangle. 

A test was run for $ cyclee duraticn at a frequency of 79 

cycles per ninute . The surf ace preparation tias a unidirectional 

polish Tdth Ho, 0000 eaery paper. Another toot ras run for 10 cynics at 

a frequency of 57 cycles per ninuto. Tlie surface preparation for this 

test was a unidirectional polish with No. 000 eisDry paper. Four to 

six individual pits were selectod frem each of two specimens and the 

area and depth of each pit was dotemined as set forth in the preceding 

» 

paragraph. Those tests TOra run at different frequencies and with 
different surface finishes because it was felt that the pit growth 
should deoond only on tlie length of tiao that tho pit uas allowod to 
grow. 

I 

A niLTioer of runs were nade varying tho dvavtion of test from 10 
to 300 cycles. Tho surface preparation of the cpecicEns for these 
tests was a unidirectional politix with Ho. 00 ciaery paper, AH epocimons 
were weighed before tenting and were piclded and weighed after tasting. 
One specinen fSroa each of six tests was selected and a photograph tal<en 
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o£ ttie c?ntire fretted surface . Tn© photographs -were enlwged until 
the specijnen twis 10 tiass its original sis©. Xhe ontlr© area of 
dassago was then aea'^nred using a planlmster, 1510 deepest depth of 
dafflage was then lasasuredj the qpecinen feeing dressed down until all 
damag© just dinappeer»d, teehnl<ius for m^astrring depths was tho 
SOM© as Itot tised liefore except that the standard Vice's diaaond 
indenbor was used with a iiO kilogram load. Tho atarrfard indentor 
was used sine© it was felt that the depths would bo too great for 
the previously used indsntor* 

A second series of tests was made varying the duratioai of 
test from 1 to 10,000 cycles. The specimen surface preparation for 
these tests was a-ain a unidirectional polisfii vrilSi No. 00 eiBsry paper. 
The specimens were again weighed before testing. Upon coa^etion of 
the test, the specimens were rinsed in boiling beitseno, dried and 
weighed. Tfxe specim ns were then piclcled and woig’ned ar ain. All 
specimens were then given a second pickling and reweighed. After 
the second pickling, cme cr two s^oiasns fro» each test were 
given a diamond indentation with the staMard Vickers indenbor 
using a load of hO kilograms. The small ridge forrrsd around tho 
indentation was carefully droesad off and the deepest depth of damage 
to the specinen then determined as previously outlined for tJio 
preceding tests. 
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pASt'..iV4TIOl{ TO CL iJIING OF SrXBTUffJ 



The toct spoclaenc were gii?en the desired surface finish by 
hand polishing on cniGry paper, using a polishing guide to juaintain 
a flat so.'faoG, The speciajens were then cleaned in acetone and 
weighed, Tbo specinens were then cloaped fimily in the test 
iBBchine and the f\iU tost procedure applied. 

?Jhen the test was coipleted the speciaens Ticre degreased 
in hot bensens. Depending upon ttio particular tost under stuc^, the 
specizasns were then weighed, .or pickled and weighed after pickling ♦ 
The pickUr^ ptrocedm*© was carrWd out as follorras 

1, The speciaen was.iraaersed for 30 seconds in a pickling 
solution heated to ^*C (120 *F), The pickling solution 
is $% by weight sulfuric acid and 0.1!^ by weight of 

, quinoline thiodide, a pickling inhibitor. 

2, The spocinen, held in tongs, was taken froa the pickle 
solution and placed under nmnlng water. 

3* Tlie fretted surface of the specirasn was then scrubbed 
with a stiff bristle bru^ and rinsed again in running 
water. 

U. The speciaen was then rinsod in hot acetone followed by 
a rinse in boiling distilled bensene. 

5. The dried specimen was placed in a d^jsiccator and loft 
for at least one hour to allow thernal equilibriua to 
be attained. 

6, Each specinon tsas then weighed and ths weight recorded. 
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Tho diancbcrs of the specibnen faces ■were accurate to 0,000$ 
inch, ^ith careful hand polishing on a flat glaas or steel plate, 
the error in the curface flatness of the specinons fiao negligible. 

The pressure at the interface of the spr^cinens is eetlnatod 
to be irithin + 30 psi. Even with an accurate pressure gauge there 
is an error* If the faces of tho two specimens do not sret exactly 
paraHol and tc^ethor virith no pressure applied, a sm all amount of 
pressure is necessary to bring them into contact v.lien the test begins 
The frequency of alternation was checked periodically and was 
accurate to within ♦ 1 cpm. The total number of cycles run, nsasxired 
with a counter attached to the eccentric shaft, was estimated to be 
accurate to within 5 cycle# in 10,0(X) cycles. 

The specimn weight lose was xasaeuared with an analytical 
balance that r-^ad to 0,1 nilUgra*, It is felt t!mt tho accuracy 
here Is in question, particularly in tho regions of small weight loss 
It is i*ocoaaended that each sp-'clnen be weighed twice, each tine by 
a different person. 

It is estimated that tho error Involved in pickling is 
iMgligible, This is particularly true if all pickling is done by 
the same porsem and is done in exactly tho same manner each time. 
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Tliere are errors involved in the a^asuren^nt of the depth 
of daaage. If the tw BpeciiiBns do not meet eacactly parallel, the 
pressure is not tha sano over the entire surface of contact. Since 
tho depth Boasurod is the deepest found, this differonco ill pressure 
■will introduce errors in the laeasviroiasnt. "ilio diunond indentations 
Bay also introduce errors if they are not exactly correct. It is 

WtTH 

felt, however, "that^the standard Vickers indentca: this error is 
usually negligible. There is also an error introduced in the 
acasuresient of depth due to an inaccuracy in dotonaining when the 
daaage Just disappears. If the dressing down is dono by hand, and 
all efbserrations are raede under a ndcroscope, it is felt that this 
error aay be reduced to tho point ^ere it ^11 also be negligible. 

A?mu5i5 0? siromm stock 

The certified hLU analysis of tho ME 1013 cold— finished 
steel used in tho opcciaens is as follows: 



Carbon, percent 0,l5 
Kangoncce, percent 0.75 
Phosj^orus, percent 0.008 
Sulphur, porcont 0 ,02? 



A checli analysis mde ly the Departnent of I’etallurgy indicated 
a carbon content of 0,l6 percent. 
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